Mutator for transferring a memristor emulator into meminductive and memcapacitive circuits Yu Dong-Sheng, Liang Yan, Herbert H. C. Iu et al. At the nanoscale physics follows familiar principles that lead to unfamiliar and even unlikely responses. The change in the balance of a range of physical features results in behaviour that can differ wildly from the same materials at the macroscale. In this issue Di Ventra and Pershin examine some of the memory effects that have attracted increasing interest in investigations of nanoscale electronic systems [1] . The work builds on the familiar premise that external perturbations cannot have an instantaneous effect on any condensed matter system. As they point out, 'This is even more so in systems of nanoscale dimensions where the dynamics of a few atoms may affect the whole structure dramatically'. In this way they explain that the response of these systems will always have some degree of memory present and that memristive, memcapacitive and meminductive systems are simply examples where this feature is particularly prominent.
In the late 1990s investigations into the use of carbon nanotubes and SiC nanorods revealed that the moduli of these structures changes with diameter, highlighting the eccentricities of mechanical properties at the nanoscale. These results prompted Miller at the University of Saskatchewan and Shenoy at the Indian Institute of Technology to study the properties of nanotubes and nanorods in detail [2] . 'In the eyes of an engineer these structures are essentially little beams', they explained, 'Albeit they are "little" to a degree that challenges our traditional notions of continuum mechanics'. In their work they developed one of the first simple models for explaining the behaviour of the Young's modulus of nanostructures, verified by direct atomistic simulation of axial loading of these structures. Since then, consideration of different nanoscale structures and the dissipation of energy under stress and strain have also demystified the extraordinary mechanical properties of natural materials such as collagen [3] and spider's silk [4] .
The increasing availability of nanomaterials provided a number of advantages for research in field emission for displays, microwave and x-ray generation, electron-beam lithography and photonic devices [5, 6] . However the results reported in these studies have often misapplied the Fowler-Nordheim theory for describing field-emission behaviour, as changes in scale alter the validity of the widely cited simplified equation. As Forbes at the University of Surrey points out, this equation over-predicts the large-area field-emission average current density by a large highly variable factor thought to usually lie between 10 3 and 10 9 . In his paper he explains how to modify the Fowler-Nordheim type equations so that they can be applied to large-area field emitters with recommendations for improved practice in this area of research [7] .
The unusual nuances of behaviour in electronic circuits at the nanoscale has piqued avid interest in 'the memristor', the fourth circuit element reported 'missing' by Leon Chua in 1971 [8] and 'found' by researchers at HP Labs in 2008 [9] . The past five years have seen intense research into the mechanisms governing memristor behaviour [10] , as well as the potential to apply this behaviour in novel electronic devices capable of mimicking the biological synapses that implement human learning [11] . (Keep an eye out for Nanotechnology's special issue on synaptic electronics later this year.) However, as Di Ventra and Pershin point out, 'Although this whole field of research has been growing at a fast pace, there is still much confusion about the fundamental physical properties that realistic systems with memory (as opposed to ideal ones) satisfy'. In this issue they derive expressions for memristances, memcapacitances and meminductances from the Kubo response and microscopic theories and show that they are indeed simply response functions that satisfy well defined physical properties.
In the midst of concrete facts, cutting edge research often exploits cracks that allow new ideas and a deepening understanding to take root. Over the last few decades nanoscale research has matured into a science with generally well understood principles, allowing technology companies to develop next-generation devices with functions that dwarf some of the most creative fancies of science fiction. Yet some of the greatest leaps of inspiration have come where observations tax the limits of what current theory can explain, forcing researchers to question and examine historic reasoning. As Di Ventra and Pershin demonstrate in this issue, current memristor research is proving very fertile ground for such questioning and examining, ultimately leading to a deepening understanding of the physical properties of these nanoscale systems.
